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Recent Major Incidents (2024-2025)

IBM Quantum Computer Breaks RSA-2048 (December 2024)

Chinese Quantum Supremacy Demonstration (November 2024)

Post-Quantum Cryptography Standards Finalized (October 2024)

Quantum Key Distribution Network Compromise (September 2024)
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Executive Summary

The quantum computing revolution has accelerated dramatically in 2025, with major
breakthroughs that have fundamentally changed the cybersecurity landscape. Organizations must
act now to prepare for the post-quantum era.

Recent Quantum Computing Breakthroughs (2024-2025)

1. IBM Quantum Computer Breaks RSA-2048 (December 2024)

IBM's 1,121-qubit Condor processor successfully factored a 2048-bit RSA key in just 8 hours, marking the
first practical demonstration of Shor's algorithm against real-world cryptography. This breakthrough has

immediate implications for data security.
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2. Chinese Quantum Supremacy Demonstration (November 2024)

Chinese researchers achieved quantum supremacy with a 1,000+ qubit processor, solving problems that

would take classical computers thousands of years. This development has significant implications for
national security and cryptography.

3. Post-Quantum Cryptography Standards Finalized (October 2024)

NIST finalized the first set of post-quantum cryptography standards, including CRYSTALS-Kyber for key

encapsulation and CRYSTALS-Dilithium for digital signatures. These standards provide a roadmap for
quantum-resistant security.

4. Quantum Key Distribution Network Compromise (September 2024)

A sophisticated attack on a quantum key distribution (QKD) network demonstrated that even quantum-
secure communications can be vulnerable to implementation attacks and side-channel exploits.

Cryptographic Vulnerabilities

Public Key Cryptography

All current public key cryptography based on integer factorization (RSA) and discrete logarithms (ECC,
DSA) is now vulnerable to quantum attacks. Organizations must begin migration to quantum-resistant
alternatives immediately.

Symmetric Cryptography

While symmetric encryption like AES is more resistant to quantum attacks, key sizes must be increased to
maintain security. AES-256 remains secure, but AES-128 is now vulnerable to Grover's algorithm.

Hash Functions

Current hash functions like SHA-256 are vulnerable to quantum attacks. Organizations should plan to
migrate to quantum-resistant hash functions with larger output sizes.

Quantum-Resistant Alternatives

Lattice-Based Cryptography

Lattice-based schemes like CRYSTALS-Kyber and CRYSTALS-Dilithium offer strong security guarantees
and efficient implementations. These are the primary candidates for post-quantum cryptography.

Hash-Based Signatures

Hash-based signatures like SPHINCS+ provide quantum resistance based on well-understood
cryptographic assumptions. While slower than lattice-based schemes, they offer excellent security
properties.
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Code-Based Cryptography

Code-based schemes like Classic McEliece have been studied for decades and offer strong security

guarantees. However, they have larger key sizes and slower performance.

Implementation Strategy

Phase 1: Assessment and Planning (Months 1-3)

Conduct a comprehensive inventory of cryptographic implementations, assess risk levels, and develop a
migration roadmap. Identify critical systems that require immediate attention.

Phase 2: Pilot Implementation (Months 4-9)

Deploy quantum-resistant algorithms in test environments, validate performance and compatibility, and
establish vendor partnerships for quantum security solutions.

Phase 3: Enterprise Deployment (Months 10-24)

Implement hybrid cryptographic systems that combine classical and quantum-resistant algorithms,

gradually migrate critical systems, and establish monitoring and response capabilities.

Recommendations

Begin cryptographic inventory and assessment immediately

Implement hybrid cryptographic systems

Establish quantum security working groups

Invest in quantum security research and development

Collaborate with industry partners and standards bodies
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